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The optical scanner is the most exciting new addition to the prolific family of 
electronic data processing hardware. Its impact on automated systems has 
hardly begun to be felt, but it is rapidly coming of age. More and more business¬ 
men are investigating the time and cost saving potential of this electronic infant. 

For this reason The Standard Register Company has prepared this booklet to 
provide a basic understanding of optical scanning and of forms design and 
construction considerations involved in paperwork systems incorporating optical 
scanning. 

Basically, a scanner is a bi-lingual, speed-reading machine. Using a photo- 
electronic system, it can recognize “human-readable” characters (such as 
numbers, letters and symbols) up to a rate of 3000 per second —and almost 



instantly, translate them into “machine-readable” code that computers can 
understand. 

Why is the optical scanner needed? Because it opens the bottleneck in data 
processing systems caused when computers and other high-speed equipment 
gobble up information faster than it can be prepared for them. 

It eliminates the clerical task of manually keypunching tab cards or manually 
coding paper tape for computer processing. 

Often called the “missing mechanical link in EDP”, the optical scanner acceler¬ 
ates input speed to match output speed. It helps cut costs. It adds another di¬ 
mension to paperwork simplification. In one hour, it can read and process a 
volume of data equal to the output of 150 keypunch machines! 












































The first practical scanner that could read characters was developed in 1952. 
Early applications were rather limited, to uses such as credit card sales slips in 
the petroleum industry. 

It was not until about five years ago, when lower cost computers came into general 
use, that optical scanning received first recognition as an important economic 


tool in computer systems to bypass keypunching. 

Since then, scanners have become progressively more versatile and sophisticated. 
Some now read handwritten marks as well as machine printed letters, numbers 
or symbols. They are used in the petroleum industry, utilities, insurance com¬ 
panies, schools, dairies, publishing firms, department stores, mail order 




houses—and a host of other private and governmental agencies for a variety 
of uses. 

Right now they may be reading your gas, electric, water or phone bill—updating 
your credit charges, premium payments or book club purchases—grading your 
youngster's school work, or scanning inventory or delivery records for a firm 


you're doing business with. They also make payroll processing, licensing control, 
dividend check reconciliation and tax payment auditing, simpler and faster than 
ever before. 

And, it probably won't be long before scanners will be able to read handwriting, 
and multiply their uses even further. 


























































Technically, an optical scanner reads or recognizes 
by the absorption or reflectance of light on a 
document. It “sees” an image when light from a 
source flooding the document is not reflected. The 
light rays are directed against a photomultiplier 
and converted into electronic signals. (The arrow 
illustrates a non-reflecting area.) 

When a character is identified, a given signal for 
it is transmitted from a memory unit to a tape unit 
or other output device for later read-out after the 
entire document has been scanned. 


A scanner can be compared to human sight. When 
you look at something, you observe an image and 
the image is transmitted to your brain. The brain 
recognizes this image because it has been taught 
what a specific shape is. It has also been “pro¬ 
grammed”, in a way, to use this “data” for what¬ 
ever purpose you desire. 


Some scanners, for example, also look at an image 
and transmit it to the photomultiplier, where light 
is converted to electrical energy and passed on to 
the logic and memory units (“brain”) of the ma¬ 
chines. They can thus recognize, or “read”, any 
information that they have been programmed to 
recognize. 

There are two important differences between 
optical scanning and human recognition, however. 
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First, while the human eye looks at the entire 
image in a single glance, the scanner looks at only 
a very small portion of the image at one time. It 
then accumulates these small bits and pieces until 
it finally recognizes the whole character. 

The second difference concerns distortion of the 
image. To you, a distorted number 5 would prob¬ 
ably still register in your mind as a 5. 

Although the scanner is a lot faster than a human 
at speed reading, it's not quite as smart. If there 
is much distortion, the machine simply cannot 
recognize this as a number 5. Since it sees every¬ 
thing on the paper that is non-reflective, any 
number of things can distort its image of the 
character—among them improper printing, carbon 
or ribbon smudge, ink tracking, dust or paper dirt. 

Because the machine compares the image it 
“sees” with that programmed into its mechanism, 
if it cannot find a suitable comparison, it will reject 
the image—and sometimes the document, de¬ 
pending on the reading program. 

Also, an extraneous smudge, speck or splatter 
might make the character look like something else 
—a 3 like an 8, for instance. In this case, the scan¬ 
ner would misread it and feed wrong information 
into the computer—with obvious results. This is 
called substitution. 

It should be noted here that scanners today recog¬ 
nize only certain type fonts (although there are 
some multi-font scanners) and these fonts vary 
with the specifications of individual ma .ufacturers. 
However, the shape and style of type characters 
read by the scanner very closely resemble what 
we might call “normal” type that's read by hu¬ 
mans. Conventional business machines—such as 
typewriters, tabulators and high-speed printers— 
can be easily equipped with these fonts, if they 
are not already so equipped. 

Some scanners, moreover, can be programmed to 
recognize several different fonts. Efforts are being 
made right now to establish one standard type 
font for all optical scanning, as was done for MICR 
(Magnetic Ink Character Recognition) in the bank¬ 
ing industry. 



5 
























Here’s how a scanner mark-reads a document: In the illustration at left, the light 
beams are searching each one of the numerical values within the individual col¬ 
umns. There is a mark in the number “0” position. As the light strikes this mark, 
it is absorbed by the mark and does not reflect into the photosensing device. 
This break in the light beam causes the scanner to react. (The black arrow rep¬ 
resents the area of non-reflection.) 

In the second position, and on down through “9”, the light beams are not hitting 
a mark. They are being reflected from the paper and observed by the scanner. 
The ink on the form is reflective and does not absorb the light. 

Scanners recognize mark read data by the absorption of light in the marking 
positions—and also by the timing marks along the bottom of the form which 
trigger the reading operation in that area. 

Page readers of the IBM 1230 series (see page 9), which are used for grading tests, 
are good examples of mark reading. 


So far, we have described a type of recognition called Character 
Reading. But there is another type of optical scanning called Mark 
Reading. Some scanners are capable of both; others can only 
recognize either printed characters or marks in a certain area on 
a page. 

The difference between the two types is this: 

In Character Reading, the scanner observes the actual printed 
character and recognizes it by its SHAPE. 

In Mark Reading, the scanner beam simply seeks out a mark to 
which it can assign a value bv virtue of the LOCATION of the mark 
on the page. 


CHARACTER 




































































































































































































































OPTICAL SCANNERS IN COMMON USE TODAY 


Two similar looking scanners are the IBM 1418 and 1428. They differ in that the 1418 can read only numbers and such 
special symbols as a dash or lozenge, while the 1428 can read both numbers and letters plus additional symbols. 


The Farrington Document Reader belongs to this same genera I 
category—alphabetic and numeric reading. 


The IBM page reader in the 1230 series recognizes only 
pencil marks on a sheet of paper, assigning each a 
numerical value determined by its location on the page. 
It cannot read the printed character. However, other page 
readers do. 


This is an IBM 1282 Optical Card Reader Punch. It can read 
credit card information in three different type fonts put on a 
document by either an imprinter or high speed printer. It can 
also read information in a mark read field. 


The RCA “Videoscan” presently reads only numbers. 
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METER READING DOCUMENT 
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The meter reading function begins when the customer's name, 
account number, and other pertinent information are recorded 
on the meter reading document — probably on a high speed 
printer from the previous month's billing records. 

Next the meter reader (who used to handwrite data that re¬ 
quired keypunching into a card before it could be processed) 
marks the information with a common pencil in the appropriate 
columns of the mark read field on the form. 

At the end of the day, he returns it to the company where it 
goes to the optical scanner. The scanner translates the infor¬ 
mation into the customer's current meter reading, which goes 
in machine-coded form onto magnetic tape for computer 
processing. 

After the computer combines this with previous billing infor¬ 
mation stored in its memory, the high speed printer prepares a 
current bill, includingdue date, net and gross amounts. This is 
a “turnaround" document that is mailed to the customer and 
returned to company with payment. (Stub shown at left.) 

If the total amount is received, the document is scanned and 
processed immediately. If not, a receiving desk clerk will enter 
the amount paid in the mark read field, and the scanner will 
later match payment with amount due, updating the custom¬ 
er's account on magnetic tape to be ready for the next month's 
billing. 

What's different about this system? Not much. The meter 
reader still reads the meter and fills in a form. Billing is pre¬ 
pared in essentially the same manner. 

But the optical scanner has eliminated two completely manual 
keypunching and card sorting operations! It not only reads the 
meter-reading form, but also relevant billing information for 
updating the customer's account. 

































































































With the exception of the 
mark read field, optical 
scanningforms do not seem 
different from many others. 
Yet there is one important 
difference that the human 
eye might overlook, but the 
electronic eye won't. 

That's QUALITY—in the 
form itself, and in the print¬ 
ing. In this all-important 
area, the forms manufac¬ 
turer is responsible to a 
great degree for the success 
of the optical scanning op¬ 
eration, since it determines the type of paper and 
any preprinting on the form. 


Consideringthe paper itself, there are a number of 
extraneous non-reflecting materials that make 
forms indigestible to scanners. These include such 
things as dirt specks, wood pulp, slime spots, lint 
and mill wrinkles. Such little imperfections can 
cause the scanner to reject a document entirely as 
“unreadable" or, worse, to misread characters 
and pass along wrong information to the com¬ 
puter. If the document is 
rejected, it means manual 
handling; if it is not read 
accurately, it can be even 
more costly. 

In general, scanners prefer 
a clean, white, uniform sur¬ 
face bond paper. It must be 
bright and reflective to pro¬ 
vide maximum contrast be¬ 
tween the printed character 
and background. Most scan¬ 
ners will also accept natural 
stock, with low porosity to 
increase its reflectance. 


L tlhey are b 

>nsu£tants o 
il scanning: 


FORMS QUALITY IS A CRIT 



Some scanners will accept 
colored papers. Others are 
color-blind to certain colors. 

When a forms user specifies 
various colored papers for 
different applications, he 
must rely on the forms man¬ 
ufacturer to know the par¬ 
ticular scanner’s capabili¬ 
ties in this area. 

Weights of the paper which 
can be used vary with the 
scanner. The range is usu¬ 
ally from 20 to 125 pounds. 

As a rule, thickness varies 
from .004 to .010 inch. This 
factor, as weJI as the direction of the grain in the 
stock, must be tailored to suit individual equipment. 
The form must be extremely durable, since it will be 
processed over high speed machinery—frequently 
after considerable manual handling, as in the case of 
utility bills. 

Temperature and humidity extremes must be 
carefully considered, too. Some forms such as 
oil company sales tickets are usually prepared 
outdoors. Minor changes in humidity can affect 
registration and make a form unscannable. 

Even the optical density of 
the paper (amount of light 
penetration) must be taken 
into account. If it's incon¬ 
sistent, it can change the 
background reflectance 
enough to confuse the scan- 
nerand rejectthedocument. 


For these reasons, paper 
that would ordinarily be 
suitable for use on a high 
speed printer in a regular 
data processing system 
may not have the quality 
necessary for optical scan¬ 
ning. 
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Another critical aspect of 
forms to be scanned is the 
printing. 

First the layout or design 
must be considered. It must 
meet both the system re¬ 
quirements and the scan¬ 
ner's capabilities. The utility 
bill, for example, is not func¬ 
tional unless both the con¬ 
sumer and the scanner can 
read and understand it. 

It's comparatively easy to 
design a form that people 
can understand at a glance. 
But we have to cater to the machine: specifically, 
in two things—ink used for the printing and the 
placement or position of the printing. 

In selecting inks for a scanner form, the margin 
for error in choice between the two kinds—reflec¬ 
tive and non-reflective—is sometimes very small. 
Reflective inks which cannot be seen by the scan¬ 
ner are used forthe human reader. The light blues 
and reds commonly used, depending on the 
scanner, are called “dropout" colors because 
they are invisible to the 
scanner. 

However, if the shade of red 
or blue—depending on the 
ink formulation — absorbs 
too much of the light rays, 
the scanner may confuse it 
with printed characters and 
reject the form. 

To make it technically more 
difficult, it cannot be said 
that all reds, blues or greens 
are sufficiently reflective to 
be invisible to the scanner. 


The inks must be carefully 
formulated to repel enough 
light to make them reflec¬ 
tive. Even with the proper 
formula, there can still be 
trouble. There are reflective 
inks, for example, that be¬ 
come non-reflective if print¬ 
ed too densely. 

Non-reflective inks absorb 
the light rays from the scan¬ 
ner beam and trigger the 
recognition system. They 
are used on the scanning 
form for preprinted charac¬ 
ters (such as consecutive 
numbers) and timing marks 
(or “clock-marks") and field 
marks that activate the 
mark read cells. 

Colored ink on colored paper 
may also present some 
problems. Light blue ink on 
yellow paper can cause the 
scanner to consider the 
reflectance of green — a 
combination of the two 
colors, rather than blue or 
yellow alone. 

It is also extremely impor¬ 
tant that the press on which 
the form is to be printed is 
thoroughly cleaned to re¬ 
move all traces of ink used 
on the previous run before 
a reflective ink is used. If 
the reflective ink is contami¬ 
nated with other ink, the 
form may end up in the re¬ 
ject pile. 
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FORM TOLERANCES 


IB M 1418 and 1428 FORM TOLERANCES 


CHARACTER SENSING STRIP WITHOUT DECORATIVE BORDERS 


After the proper paper and ink have been selected, any preprinted area (or 
other area where information will be printed or marked) must be placed in 
just the right position, depending on whether it is to be scanned or not. This, 
too, will vary with abilities of particular scanners. 

Spacing of characters is extremely important. Because, as fast as it reads, 
the scanner must still have a certain amount of time after it has finished 
“seeing" one character before it can begin the next. So characters cannot be 
printed too closely together. (Remember, the machine looks at many parts 
separately and then puts the pieces together for recognition.) This same 
spacing must be considered in the position of a character in relationship to 
the preprinted field mark, edge of the document, or any other preprinting on 
the form. 

This illustration shows the position of the scanning field and its relation to the edges of 
the document and preprinted information. The diamond-shaped symbol in the center 
could be any other printing. Note the minimum distance between the last character to 
be read on the right of the symbol, and the first to be read on the left. This gives the 
scanner time to recognize the last character, then go on to the next. 


MINIMUM VERTICAL DIMENSION FIRST CSf 


THE CENTER UNE OF THE 
HIGHEST- ORDER CHARACTER 
MUST BE AT LEAST 1/10“ 
FROM THE LEFT EDGE OF 
CHARACTER SENSING STRIP 


PRINT CENTER LINE FIRST STRIP 
(CANNOT BE GREATER THAN 3.250“ 
FROM BOTTOM EDGE OF DOCUMENT) 


.275" OR .400" MINIMUM — 
HORIZONTAL DIMENSION 
FROM LEFT EDGE OF 
STRIP TO DOCUMENT 
EDGE. .275"-WHITE OR 
MANILA .400 ANY OTHER 
COLOR. 



-RIGHT EDGE OF STRIP 
AND RIGHT EDGE QF 
DOCUMENT CAN COINCIDE, 
BUT NOT NECESSARILY. 


RIGHT VERTICAL EDGE OF 
INTERNAL DRAWING TERM¬ 
INATES CSS. THE CENTER 
LINE OF HIGHEST-ORDER 
CHARACTER MUST BE AT 
LEAST 1/10" TO RIGHT 
OF DRAWING EDGE. 


BOTTOM EDGE 

-PRINT CENTER LINE LAST STRIP 


IBM 1418 and 1428 FORM TOLERANCES 


FIELD LAYOUT WITH DECORATIVE BORDER 



Many forms have a decorative border. This border has little effect if the form is 
used on a scanner that operates with a stationary document and moving light. 
But if the scanner uses a moving document and fixed light, the inside of the 
border must be considered as the leading edge to the document. 

There are many other forms considerations for optical scanning. Generally 
speaking, a form layout which is fine for keypunching, will not be useable with a 
scanner. The forms manufacturer and the user must work closely together to 
design a compatible scanning form. And, of course, both parties must be thor¬ 
oughly familiar with the capabilities and limitations of scanning equipment. 









































ONLY GOOD IMPRESSIONS COUNT 


In encoding characters to be optically scanned, it is vitally important to 
get a sharp, clear image—one free from irregular edges caused by such 
things as carbon or ribbon smudge, distortion or character voids. 

A ribbon smudge, for example, isn’t too apparent to the naked eye. But 
when magnified by the scanner, it can make a big difference. A tiny 
smudge approximately .007" in diameter can adversely affect scanner 
operation. 

Fortunately, there are ribbons available which meet optical scanning 
needs. These should be used on high speed printers, tabulators, or type¬ 
writers that record information on scanning forms. 

Similar problems may arise with carbons. While most scanning operations 
today use single-part forms or original copies of multiple-part forms, there 
are occasions when original copies cannot be used. An example is a tab 
card set, such as the Standard Register ZIPCARD®, which is generally 
run on encoder-type equipment. Special smudge-resistant carbons can 
be used to provide sharp impressions for scanning. 


The quality of the carbon impression is also very important in tab card 
sets which receive multiple handling as in department store or service 
station systems. 

Another danger from smudging lies in the transfer of extraneous carbon 
particles when a form is squeezed around embossed type. If the carbon 
is too hard, there may be voids and irregularities within the character 
impression. So, the quality of the carbon impression is as important as 
the quality of the paper itself. 

Encoders vary to a large degree. So do the types of plates used on them. 
For instance, a credit plate carried in a purse or hip pocket can be easily 
distorted, and it will make an incomplete impression when used. 

If the imprinter or credit plate is faulty, even the best scanning carbon 
can't compensate for it. For this reason, all equipment involved in en¬ 
coding applications should be frequently checked for maintenance and 
proper adjustment to provide a uniform character with good contrast. 
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The time and cost saving benefits which can be gained from optical scanning are unquestioned. It is also clearly 
evident that the physical make-up of the forms carrying the data to be scanned has much to do with the success 
or failure of the system. For this reason, we offer these facts for your consideration as to the capabilities and 
facilities The Standard Register Company can put at your disposal to assure that your optical scanning forms 
will be correctly conceived, designed, manufactured and put into use for efficient, trouble-free operation. 

Experience with Scanning- For the past ten years members of Standard Register’s Engineering and Research 
Division have been in contact with and worked with their counterparts in firms developing and producing optical 
scanning equipment. As the equipment has been placed on the market and installed, Standard Register has 
been called upon to supply the forms for many successful scanning systems. 

Engineering and Research— Staff members of this important division of Standard Register (the largest of its 
kind in the forms industry) for many years have been engaged in continuing investigation of all elements in¬ 
volved in an optical scanning installation: equipment specifications and capabilities; composition and character¬ 
istics of papers, carbons and inks; printing techniques; forms design, construction and fabrication requirements; 
development of auxiliary forms handling equipment to feed and control forms on the forms writing equipment 
according to exacting optical scanning requirements. 

Systems and Forms Design Assistance— In addition to the training given all Standard Register sales represen¬ 
tatives on Paperwork Simplification techniques, they are backed by a staff of specialists in systems analysis or 
forms design whose services are available as consultants or as team members working on paperwork problems. 
These men all know the requirements of optical scanning systems, and they can save costly hours and days of 
trial and error in applying their knowledge to planning new scanning systems. 

National Service Organization — Installation of devices and systems and service after installation is the respon¬ 
sibility of the men in our National Service Organization. Through preventive maintenance, standby and emer¬ 
gency service, they see to it that downtime, due to mechanical or forms problems, is kept to a minimum. There 
are over 80 trained specialists located strategically across the country ready to give fast action on service prob¬ 
lems wherever they may be. 

Written Warranty— Optical scanning forms, like the other forms produced by Standard Register, are warranted 
in writing to be produced according to exacting published specifications which will assure satisfactory perform¬ 
ance over the equipment involved. 

Research, know-how, technical competence, back-up and -follow-through after the order is delivered—all these are 
good reasons why you should choose Standard Register forms for the feeding of your optical scanner. 

THE STANDARD REGISTER COMPANY, DAYTON, OHIO 45401 

SALES AND SERVICE OFFICES IN PRINCIPAL CITIES... PLANTS AT DAYTON; OAKLAND & GLENDALE, CALIF.; YORK & BEDFORD, PA.; FAYETTEVILLE, ARK.; MIDDLEBURY, VT. 

ASSOCIATES: R. L. Crain Limited, Canada • Gemah Formas Continuas. Venezuela • Sten Dahlander, Sweden • Carvajal & Cia. f Columbia • Oy Lindell Ab, Finland 
• J. J. Miller Printing Co. Pty. Ltd., Australia • Formularios Standard de C. A., Guatemala • Waterlow Automation Services Ltd., U. K. and Ireland 
• Hammett & Hodge (Pty.) Ltd., South Africa • Perine-Guyot & Cie.- C. Supligeau, France • Dai Nippon Printing Co., Ltd., Japan 



3976 


Litho in U. S. A. 








